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(54) FUEL BATTERY 

(57)Abstract: 

PURPOSE: To provide a fuel battery to which a reformed gas 
can be directly supplied. 

CONSTITUTION: In a fuel battery in which a gas 18 containing 
hydrogen is used as a fuel, a palladium series metal film 14 is 
provided as a hydrogen separation film of selectively 
transmitting hydrogen into the hydrogen pole side of a proton 
conduction type electrolyte layer 11. Hydrogen is preferentially 
transmitted from the gas touching the hydrogen pole through 
the palladium series metal film and transferred to the foregoing 
electrolyte layer to generate an electric power, so that a 
reformed gas can be supplied as a fuel direction to the battery 
without the gas containing hydrogen obtained by particularly 
reforming the fuel being refined with high purity in advance. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by tbe use o£ tbis translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fuel cell characterized by making hydrogen penetrate preferentially out of the gas which 
comes to arrange the hydrogen demarcation membrane which makes hydrogen penetrate alternatively to the 
hydrogen pole side of the electrolyte layer of a PURONTO conduction type in the fuel cell which operates 
considering the gas containing hydrogen as a fuel, and touches a hydrogen pole through the hydrogen 
demarcation membrane concerned, and generating electricity by transmitting to said electrolyte layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Without refining beforehand the hydrogen content gas which reforms especially the 
fuel concemed and is obtained to a high grade about the fuel cell which uses alcohol, such as hydrocarbons, 
such as methane, or a methanol, as a fuel, this invention is devised so that the hydrogen pole of the cell 
concemed can be directly supplied by using reformed gas as a fuel. 
[0002] 

[Description of the Prior Art] A fuel cell hardly generates the noise, when it is not necessary to use the fossil 
fuel which has the exhaustion problem of a resource, but since it has the description which was [ make / 
compared with other energy engines / recovery effectiveness of energy / very high ] excellent, it is use as a 
comparatively small power generating plant of a building unit or a works unit. In recent years, this fuel cell 
is used as a power source of the motor which replaces with the internal combustion engine for mount, and 
operates, and it considers driving a car etc. by this motor. In this case, it makes into a natural thing for an 
important thing to reuse the matter generated by the reaction as much as possible, and it is desirable for a not 
much big output to be small as much as possible with all the equipment of a not required thing, and the fuel 
cell which uses ion exchange membrane from such a point, especially the solid-state polyelectrolyte film 
fuel cell attract attention so that clearly also from it being an object for mount. 

[0003] Here, the basic structure of the body of a solid-state polyelectrolyte film fuel cell is explained as an 
example, referring to drawing 4 . As shown in this drawing, the cell proper 01 is constituted by joining gas 
diffusion electrodes 03A and 03B to the both sides of the solid-state polyelectrolyte film 02. And this zygote 
is manufactured by carrying out a hotpress etc., after setting gas diffusion electrodes 03 A and 03 B by the 
both sides of the solid-state polyelectrolyte film 02. Moreover, the reaction film 04A and 04B and the 
gaseous diffusion film 05A and 058 are joined, respectively, and, as for gas diffusion electrodes 03 A and 
03B, the front face of the reaction film 04A and 04B touches in the electrolyte membrane 02. Therefore, a 
cell reaction mainly occurs in the contact surface between an electrolyte membrane 02 and the reaction film 
04A and 04B. moreover, the gas separator which has oxygen supply slot 06a in the front face of the above- 
mentioned gas diffusion electrode 03 A - moreover, the gas separator 07 which has hydrogen supply slot 
07a is joined to the front face of gas diffusion electrode 03B of another side, respectively, and the oxygen 
pole and the hydrogen pole are constituted. 

[0004] And if oxygen supply slot 06a and hydrogen supply slot 07a supply oxygen and hydrogen, 
respectively, oxygen and hydrogen will be supplied to the reaction film 04A and 04B side through each 
gaseous diffusion film 05 A and 05B, and the following reactions will occur by the interface of each reaction 
film 04 A and 04B and an electrolyte membrane 02. 

interface [ of reaction film 04 A ]: ~ interface [ of 02+4H+-h4e~>2H2 O reaction film 04B ]: - 2H2 - 
>4H++4e- here - 4H+ Although it flows from a hydrogen pole to an oxygen pole through an electrolyte 
membrane 02, 4e- will flow from a hydrogen pole to an oxygen pole through a load 08, and electrical energy 
is obtained. 

[0005] By the way, when a hydrocarbon or alcohol is used as a raw material, as a conventional method of 
working a fuel cell and obtaining power, there is a thing as shown in drawing 3 . In this drawing, after 
desulfurizing material gas first, if steam is mixed at a predetermined rate and it feeds into a reforming 
machine, the following steam-reforming reactions will advance under existence of a reforming catalyst. That 
is, if the example of methane shows, the reaction of following reaction-formula (1) - (3) shown in "** 1" 
will advance. 
[0006] 
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[0007] The reforming reaction of hydrocarbons, such as the above-mentioned methane, is H2+, so that 
temperature is high, and a pressure is low from a viewpoint of thermodynamical equiUbrium and there are 
many steam ratios. A reaction advances to the direction where the concentration of CO becomes high. 
[0008] consequently, the outlet gas of a reforming machine - H2 others ~ CH4, H2 O, and CO and C02 
Although gas is contained, since CO serves as catalyst poison, generally with the fuel cell of a phosphoric 
acid mold or a solid-state polyelectrolyte membrane type, the reformed gas from a reforming machine 
cannot be used as fixel gas for direct fuel cells. 

[0009] Then, reformed gas is fed into CO transformer and it is CO by the reaction (3) of the above- 
mentioned [ bottom / of catalyst existence ] H2 It converts and mitigating CO concentration to about 0.5 - 
1% is performed. When there is the need of fiirthermore reducing CO concentration, raising purity is 
performed until it applies the gas after CO conversion to a gas purifier fiirther, for example, CO is set to 10 
ppm or less. As a gas purification method at this time, there are means, such as low temperature processing, 
an adsorption separation method, the deoxo method by the palladium catalyst, a wet absorption purification 
method, and a diffusion method by the palladium system alloy film. 

[0010] Thus, the heat of combustion of hydrogen is transformed to direct current power by supplying the gas 
(CO concentration having been reduced especially) containing the hydrogen of the high grade obtained to 
the hydrogen pole of a fijel cell, and supplying air or oxygen gas to another side and an oxygen pole. 
[0011] 

[Problem(s) to be Solved by the Invention] With the conventional technique which was mentioned above, it 
is a fiiel cell, especially it is obliged to complicated down stream processing (refer to drawing 3 ) in 
especially concentration reduction of CO so that poisoning of the polar-zone catalytic-reaction layer may not 
be carried out. 

[0012] That is, there are the following faults after a steam-reforming reaction, 

1) Need CO transformer. 

2) Need an altitude refiner fiirther depending on the case. 

3) Consequently, equipment expense and running cost become expensive and worsen economical efficiency. 

[0013] This invention aims at offering the fiiel cell which can supply reformed gas to the fuel cell concerned 

directly in view of tiie above-mentioned problem. 

[0014] 

[Means for Solving the Problem] The configuration of the fiiel cell concerning this mvention which attains 
said purpose is characterized by to make hydrogen penetrate preferentially out of the gas which comes to 
arrange the hydrogen demarcation membrane which makes hydrogen penetrate alternatively to the hydrogen 
pole side of the electrolyte layer of a PURONTO conduction type, and touches a hydrogen pole through the 
hydrogen demarcation membrane concerned, and to generate electricity by transmitting to said electrolyte 
layer in the fuel cell which operates considering the gas containing hydrogen as a fiiel. 
[0015] Hereafter, the contents of the fuel cell conceming this invention are explained to a detail. 
[0016] It is the block diagram showing the outline of the fiiel cell conceming this invention in drawing 1 . 
As shown in this drawing, while forming the catalyst bed 12 for hydrogen dissociation in one side face of an 
electrolyte membrane 1 1 , the catalyst bed 1 3 for hydro-acid-izing is formed in the side face of another side. 
Moreover, the negative-electrode side gas separator 1 5 is laid on top of the palladium system metal 
membrane 14 list as a hydrogen demarcation membrane which serves as a hydrogen electrode in the side 
face of the catalyst bed 12 for one hydrogen dissociation one by one. The positive-electrode side gas 
separator 17 is laid on top of the oxygen electrode 16 list of porosity nature one by one also on the side face 
of the catalyst bed 13 for hydro-acid-izing of another side. 

[0017] And the hydrogen content fiiel gas 18 as reformed gas is discharged out of a system as a stream 20, 
after the fiiel gas passage 19 formed in the above-mentioned negative-electrode side gas separator 15 is 
supplied and hydrogen is consumed in part. On the other hand, oxygen content gas 21, such as air, is 
discharged out of a system as a stream 23, after the oxygen content gas passageway 22 formed in the 
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positive-electrode side gas separator 17 of the opposite side is supplied and oxygen is consumed in part. 
[0018] The palladium system metal membrane 14 as a hydrogen demarcation membrane which serves as the 
above-mentioned hydrogen electrode here has the capacity to make only the hydrogen in hydrogen content 
fuel gas 18 penetrate alternatively, and it penetrates the inside of the palladium system metal membrane 14 
concerned, and he is trying to lead the hydrogen of the above-mentioned hydrogen content fuel gas 1 8 to the 
electrolyte membrane 1 1 of a proton conduction type. 

[0019] As a palladium system metal membrane 14 which makes this hydrogen penetrate alternatively, Pd 
single ***♦, the Pd-Ag alloy film, the Pd-Y alloy film, the Pd-Ag-Au-Ru alloy film, etc. can be mentioned, 
for example. 

[0020] About passage of the hydrogen in these palladiiun system metal membranes, many researches are 
made after discovery of Graham, and the setup of the transparency device is as follows. 

(1) A hydrogen content child sticks to the fi-ont face of the film by the side of raw gas. 

(2) Dissociate to a hydrogen atom, with an adsorption hydrogen content child adsorbing. 

(3) An adatom ionizes, separate into a proton and an electron and award an electron to a metal grid. 

(4) It is spread in the opposite side (purification hydrogen side) from a membranous raw gas side in the state 
of a proton. 

(5) A proton receives an electron from a metal grid in the opposite side, and the atom of the letter of 
adsorption generates. 

(6) Association of two adsorption hydrogen atoms generates an adsorption hydrogen content child. 

(7) a film surface to a hydrogen content child's desorption - carry out. 

Only the hydrogen which carries out a dissociative adsorption and can be in a proton condition by the 
above-mentioned step can carry out diffuse transmission of the inside of the film. 

[0021] Next, the relation between the behavior of the hydrogen and the acid which are supplied as a fuel of 
the fuel cell which made the hydrogen pole the above-mentioned palladium system metal membrane 14, and 
the power to generate is explained below. 

[0022] First, hydrogen infiltrates into said palladium system metal membrane 14 from the fuel gas passage 
19 side by the side of a negative electrode, and by the alternative hydrogen permeation function of this film, 
after it moves to the other end of the palladium system metal membrane 14 concemed in the proton H-i-24a 
condition, it is diffused in the catalyst bed 12 for hydrogen dissociation in a hydrogen content child's 
condition. Next, by the catalysis of the catalyst bed 12 concemed, a hydrogen content child dissociates and 
is proton H+. Electron e - It generates. Furthermore, concemed proton H+ Proton H+ which diffuses an 
electrolyte membrane 1 1 02 which is set to flow 24b, reaches the catalyst bed 13 for hydro-acid-izing, and 
diffuses the inside of the porous oxygen electrode 15 from the oxygen content gas-passageway 22 side by 
the side of a positive electrode It flows through flow 25 and an external electrical circuit. Electron e - Flow 
26c is joined, it reacts and H2 O is generated. The H2 O concemed is the inside of an oxygen electrode 1 5 
02 In flow 25, it is spread in the reverse sense, and the positive-electrode side oxygen content gas 
passageway 20 is reached, and it is discharged. 

[0023] That is, when the reaction in the polar zone is summarized, it comes to be shown in following "** 2." 

[0024] 
[Formula 2] 

In the catalyst bed 12 for hydrogen dissociation H2 ->4H4-+4e- ... (4) 
In the catalyst bed 13 for hydro-acid-izing 4H++4e-+02 ->2H2 O ... (5) 

[0025] Electron e generated at the above-mentioned reaction (4) - Electron e - It becomes flow 26a, 26b, and 
26c, moves to an antipole side, and contributes to a reaction (5). At this time, it is Electron e. - In case flow 
passes the electric load resistance 27, it will be outputted as power. 

[0026] In the above-mentioned explanation, although the palladium system metal membrane 14 as a 
hydrogen demarcation membrane which makes the hydrogen prepared in the negative-electrode side 
penetrate alternatively is provided in one side face of the catalyst bed 12 for hydrogen demarcation 
membranes established in the side face of an electrolyte membrane 1 1 as shown in drawing 1 , it explains 
explanation of the fuel cell which it comes to constitute without using the catalyst bed 12 for these hydrogen 
demarcation membranes with reference to drawing 2 . 

[0027] The configuration of the fuel cell shown in drawing 2 joins the palladium system metal membrane 14 
to the side face of an electrolyte membrane 1 1 directly compared with the fuel cell shown in drawing 1 , and 
although the points which make unnecessary the catalyst 13 for hydrogen demarcation membranes differ, 
other configurations suppose that it is tiie same as that of the configuration of the fuel cell shown in drawing 
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1 . Therefore, about the overlapping member, the duplicate number is attached and the explanation is 
omitted. 

[0028] Next, the relation between the behavior of the hydrogen and the acid which are supplied as a fuel of a 
fuel cell which makes a hydrogen pole the above-mentioned palladium system metal membrane 1 4, and it 
comes to join to the direct electrolyte membrane 1 1 , and the power to generate is explained with reference to 
drawing 2 below. 

[0029] Hydrogen infiltrates into said palladium system metal membrane 14 from the fuel gas passage 19 
side by the side of a negative electrode. First, by the alternative hydrogen permeation function of this film 
After moving to the other end of the palladium system metal membrane 14 concerned in the proton H+24a 
condition, with the condition of proton H+24a ~ the inside of the electrolyte membrane 1 1 concerned — 
advancing ~ further — concerned proton Hh- Proton H+ which diffuses an electrolyte membrane 1 1 02 
which is set to flow 24b, reaches the catalyst bed 13 for hydro-acid-izing, and difRises the inside of the 
porous oxygen electrode 1 5 fi-om the oxygen content gas-passageway 22 side by the side of a positive 
electrode It flows through flow 25 and an external electrical circuit. Electron e - Flow 26c is joined, it reacts 
and H2 O is generated. The H2 O concemed is the inside of an oxygen electrode 1 5 02 In flow 25, it is 
spread in the reverse sense, and the positive-electrode side oxygen content gas passageway 20 is reached, 
and it is discharged. 

[0030] That is, when the reaction in the polar zone is summarized, it comes to be shown in following "** 3." 

[0031] 
[Formula 3] 

In the front face (hydrogen pole side) of the palladium systern metal membrane 14 which penetrates 
hydrogen alternatively H2 ->4H++4e- ... (6) 

In the catalyst bed 13 for hydro-acid-izing 4H++4e-H02 ->2H2 O ... (7) 

[0032] Electron e generated at the above-mentioned reaction (6) - Electron e - It becomes flow 26a, 26b, and 
26c, moves to an antipole side, and contributes to a reaction (7). At this time, it is Electron e. - In case flow 
passes the electric load resistance 27, it will be outputted as power. 

[0033] For the above and the palladium system metal membrane 14, there is an operation which makes 
hydrogen ionize [ ionize and it adsorption-dissociates / operation ], and hydrogen is the inside of the film 
Proton H+ It moves in the condition. Therefore, it is proton H+ at joining the palladium system metal 
membrane 14 and an electrolyte membrane 1 1 directly. Flow can be delivered to an electrolyte membrane 
1 1 from the palladium system metal membrane 14. 
[0034] 

[Example] Hereafter, based on the following examples, it explains that the fuel cell by this invention is 
effective, an electrical-potential-difference x current characteristic (IV property) — 0.75Vx0.2 A/cm2 
namely, power flux density — 0.15 W/cm2 When operating a cell, it asks for the flux of the hydrogen which 
flows a cell. Since the hydrogen initial complements of per 1 W are about 0.025 mols / h-w, using potential 
efficiency of a cell as 64%, it is power-flux-density 0.15 W/cm2. The hydrogen flux phiH2 at the time 
serves as a mol (0.15 (0.025)) / cm2 and h= 1 .37cm3 / cm2, and mm. Below, the conditions of the palladixun 
system metal membrane for obtaining the aforementioned hydrogen flux are examined. Hydrogen flux 
phiH2 which lets the palladium system metal membrane concemed pass It is given by the formula shown in- 
one following "number." 
[0035] 
[Equation 1] 
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0H2=K • exp [ -Ea/RT] • (/T^T-VTr) • • • ( 1 ) 



ZCLX\ 

K :7i(imMMmm Urn' Xcm^ -mm) 
Ph , Pl : ^n^'n7K^{--^''^T®JiM^ff. TM^ffi(atm) 
E a : mnizM^^mmtJ-^-^)\^¥- (= 2 5 5 O c a l /mo 1 ) 
R : m.i^'mm (= l . 9 8 7 c a l /m o l • k) 

T : mm^m (k) 

[0036] Here, operating temperature is made into 120 degrees C (=393K), and a downstream hydrogen 
partial pressure is temporarily set to PL**Oatm. Moreover, the Pd-Ag alloy film is adopted as a palladium 
system metal membrane. Since the thickness and hydrogen permeation multiplier are in inverse proportion, 
by adjusting thickness, the hydrogen permeation multiplier K can be set as a predetermined value, and the 
value of K=200-300 can be realized comparatively easily. Upstream hydrogen partial pressure PH which 
obtains hydrogen flux phiH2 = 1 .37cm3 / cm2, and mm firom the above-mentioned formula (1) It will be set 
to PH2=0.0143-0.0322atm if it asks. 

[0037] Therefore, when operating the total pressxwe of hydrogen content fuel gas by 2atm(s), 0.7-1.6-mol % 
order ****** of the hydrogen concentration in this fuel gas will be good. 

[0038] However, in fact, although a larger value than an above-mentioned upstream partial pressure or the 
value of upstream hydrogen concentration is needed since gas constituents other than that a downstream 
hydrogen partial pressure is not zero and hydrogen are resisting to diffusion of hydrogen in the gas laminar 
film formed in the upstream and the downstream of the palladium charge metal membrane concerned, the 
example which rounded and made the formation conditions of a fuel cell as an experiment is shown below 
by making an above-mentioned condition value into a standard. 

[0039] (Example 1) the example concerning the configuration of the fuel cell which showed this example to 
drawing 1 ~ it is - as the palladium system alloy film 14 - the Pa-Ag alloy film ~ using - structure and an 
operating condition ~ and the result of the acquired generation-of-electrical-energy property is shown 
below. 

[0040] Although the hydrogen content gas and oxygen content gas which the fuel cell was made to energize 
were seen fi-om the cell engine performance and it was superfluous, it turned out that it can generate 
electricity with the cell configuration proposed by this invention. 
[0041] 

(1) Structure conditions of a cell Effective generation-of-electiical-energy area of a eel: 5cmx5cm 
Electrolyte membrane (quality of the material) : perfluoro sulfonic acid type ion exchange membrane (film 
thickness) : 125 micrometers (ion exchange capacity Ae) :1.1 meg/g-resin Catalyst bed (quality of the 
material) :P. t support carbon particle layer (a hydrogen pole side, oxygen pole side) 
: 0.12mm (Film thickness) :1 .5 mg/cm2 (The amount of Pt support) Hydrogen separation metal membrane 
(quality of the material) :P a and Ag alloy film :25wt% (Ag content) (Film thickness) : [ About 10 
micrometers ] Oxygen electirode (quality of the material) : The sheet made fi-om porosity carbon : About 
0.4mm (Thickness) Gas separator (quality of the material) : SUS316L : A width [ of 0.4mm ] x depth [ of 
0.5mm ] X pitch 1mm (2) operating condition (The shape of a quirk) Temperature : 100 degrees C Pressure: 
Ordinary pressure Hydrogen content gas (presentation): H2 : 30-mol %, and H2 O:30-mol %, N2 : 38.5-mol 
% and CO:1.5-mol % (flow rate) :1200 Ncc/min Oxygen content gas (presentation): Humidification air 
(O2:19%,N2:71%,H2O:10%) . 
: (Flow rate) 1500 Ncc/min(3) generation-of-electrical-energy engine performance Electncal potential 
difference: 0.7V Current density: 0.08 A/cm2 [0042] (Example 2) Next, the example concerning the 
configuration of the fiiel cell shown in drawine 2 is explained. In this example, it has joined to the direct 
electrolyte membrane 11, using the Pa-Ag alloy film as palladium system alloy film 14. The result of tins 
stixicture and operating condition, and the generation-of-electirical-energy property which could reach is 
shown below. 
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[0043] Although the hydrogen content gas and oxygen content gas which the fuel cell was made to energize 
y^QXG seen from the cell engine performance and concentration distribution had become the amount of 
overage so that might not be formed in a gas side within a cell, it turned out that it can generate electricity 
with the cell configuration proposed by this invention. 
[0044] 

(1) Structure conditions of a cell Effective generation-of-electrical-energy area of a eel: 5cmx5cm 
Electrolyte membrane (quality of the material) : perfluoro sulfonic acid type ion exchange membrane (film 
thickness) : 125 micrometers (ion exchange capacity Ae) :1.1 meg/g-resin Catalyst bed (quality of the 
material) :P. t support carbon particle layer (however, only oxygen pole side) 

: 0.12mm (Fihn thickness) :1.5 mg/cm2 (The amount of Pt support) Hydrogen separation metal membrane 
(quality of the material) :P a and Ag alloy film :25wt% (Ag content) (Film thickness) : [ About 10 
micrometers ] Oxygen electrode (quality of the material) : The sheet made from porosity carbon : About 
0.4mm (Thickness) Gas separator (quality of the material) : SUS316L : A width [ of 0.4nmi ] x depth [ of 
0.5mm ] X pitch 1mm (2) operating condition (The shape of a quirk) Temperature : 101 degrees C Pressure: 
Ordinary pressure Hydrogen content gas (presentation): H2 : 20-mol %, and H2 O:30-mol %, N2 : 48.5-mol 
% and CO:1.5-mol % (flow rate) :1240 Ncc/min Oxygen content gas (presentation): Humidification air 
(02:19%, N2:71%, H2 0:10%) 

: (Flow rate) 1550 Ncc/min(3) generation-of-electrical-energy engine performance Electrical potential 
difference: 0.71V Current density: 0.05 A/cm2 [0045] 

[Effect of the Invention] As mentioned above, since the palladium system metal membrane was used as a 
hydrogen pole according to the fuel cell conceming this invention as stated with the example, the 
effectiveness which only hydrogen can be penetrated alternatively and shows it below is done so. 

1) In order to obtain high grade hydrogen like a conventional method, it becomes unnecessary to refine 
hydrogen, and the whole system is simplified and miniaturized by the deoxo method or membrane- 
separation method for burning alternatively CO which remains further after CO water gas shift reaction with 
a catalyst (C0->C02), the adsorption purification mefliod, etc. 

2) The configuration of a fuel cell does not become complicated especially as compared with a conventional 
method. 

3) Moreover, in joining a palladium system metal membrane to a direct electrolyte membrane, a catalyst bed 
becomes unnecessary and structure simplifies. 

4) So, it can contribute to energy saving and saving resources according to the effectiveness of the above 1- 
3. 

[Translation done.] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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[Translation done.] 
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[0 0 0 7] ^ >^^toj^{b7K^t7)a:H^jj;(i. m 

[0 0 0 8] Sc!g^oaiP:^:^ti> H2 cots 

36^CH4 , H2 O, CO, CO2 (D:^:^t^^^ti^t^^ 

mnmm.m(o^M:^:^ti^x{-t^mx^fj:\^\ 

[000.9] ^zx\ ^n:^^^co^^\zm?<\. 50 



zticx^m^^inxh^^o "ti^x^iom^m^. mi^ 
M'i^^mmwmo2<D^m\c:^:^ii:wcmmo3A, os 

So -^ti. :3tf;^l£»®1g0 3 A. 0 SBit^ix^'tl^Jt 
K0 4A. 0 4B&X^:^:^iLmm0 5A, OSBd?^^ 
^ixfc*iCOT*fe'9. ®^SKO 2 .hfi^iSMO 4 A, 0 

4B<Dm^tmM\^x\^^^o i^tzt^^ox^ mi&Rst>\t^ 

l-m^SK 0 2 i: RStMO 4 A. 0 4 B i: OPp^CDgEttS 

(o:^:^ij:mmMo 3B(Dmm\at.7kmm^^mo ? a^m 

'r^:^^±^<\^-'$' 0 7 Tb^^ti't'tim-^^ixXiar) ^ m 

[00 04] ^ LT. 06a ^U^7Km««&« 

0 7 ati®e^jStt/7k^i^^n-^*;tx#t*&i-5<!:. mm. * 
^1^. #>!r<D:^y^J2;®:J^0 5 A, OSB^^LTSJ^]^ 
04A. 0 4Bm^m'i^^ri.^RJt^0 4A. 04B 

SiSlffiO 4 ACO#® : 
O2 +4H* +4 e' ^2H2 O 
RftMO 4B(D^m : 
2H2 -->4H* H-4 e- 

rrT% 4H^ f^m^g^O 2^iloT7k^<^;iJ^^^^ 

[000 5] r jK{l:*^3lJtr/U=i-/W^J!^3iSl- 
^o:&fei:LT*^. II13l;i^i-cfc9?^.^tifD;65fc5p mmk^ 
^-J^^i^^ \^x^m^\z^X'r^ t &K^^t7)#ffiT 

^>^(Dmx^-rt. TIB r^iiij jc:^-r^/j;^ (d - 

(3) ORlS/iSitfT-rSo 
[0 0 0 6] 

[^bi] 

+ SH2 - • ' (1) 

+ H2 • • • (2) 

+ H2 - • • (3) 

M^^#^T{c:tijai<^)^iC (3) co^H2 \z 

t7^mt>f^^o ^<Dm(D:^:^mmmti.x\t. m^^m 

[00101 r<^J;5t-LT#e>ttSS5^S(^*^$r^ 



(3) 
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[0011] 

[0 0 12] 7K^^3cSRJSi^^t-*5V^TJi: 10 

1) co^^^^'^^mt-r^o 

ho 

[0 0 13] :^^mi'X±mr^m\^m^. . 

[0014] 20 

m^^^i^xfj:^). ^m^m^mm^:sri.x7i^mm\:im 

{cmmi^xmm^'ffo:: t ^^^mt-t^o 
[0 0 15] ^T. :^mm\c9hh^nmm(D\^m^mm 

[0016] mi \:-it:^mm\^mhmnmm(Dm.m^^ 30 
t3.h7i^mi^mmti.x(Dy<'7i^^M^^^mmi ^mmc 

[ 0 0 1 7 ] bX. ^m:^^ t \^X(Dyi^m^^mn:^ 40 

>^ i>y-A2o^LT;fi^ics^m^n5o te:^. 

^ 1 7lc?f^^$tbfc@^m^:B-;^;^«K2 2{c^^^^$n> 

-^fP®^§S255^»$tt^m. h y -A 2 3 <i: i^xw^mz 

[0 0 18] :izx±m7i^mmm^^^uh7\^m^mmt 
\^x(Dy<yi;^^M.^^mmi 4 ft. ykm^^mn:^:^ 1 

7k*»PBtffl(0«JK^l 2^c:fo*v^T. 



8 ^<D7km(o^^m^^Kmm^^htkti^^-rh i><o 

•^A^^jg^i 4 4^^Si§LT:/c2 
^1 ilc:^< J:9lc:LTV>^o 

[0019] r<?D*9S^51«W»cSi§$itS^>'7v^^7A 
^^Jll^l 4 ^ LTIl. ^Jx.l^P d^ftM, Pd-Ag 
Pd-Y-g-^^. Pd-Ag-Au-Ru-g-^ 

[0 0 2 0] cne>(7)/<7>^'>^^^J^I^{;iib^Jt67K^ 

<^iiiS^:lO^^TIi. G r a h a m(O^^Uf^^< <DW^ 

t>-fj:^tix^y). ^(Dmmmm(D^&a. ».(Dt:tsy)x 

(1) ^m^:^m(Dm(Dmm\^7i^m^'T-7bmm^h. 

(2) ^&m7i^m^^i>mm\.fz^^ykmw.^\cmm't 

(3) P^^l^^;55«g|L:7^n h>'i:®^tz5>BSL> 

(4) h>'O4^figT'^(7)^!0;ll:^;^{i(j;i>^bS>:tffl.'J (*» 
SS7k*ffl!l) tcfe«i-So 

(5) S^«iJX:/o h v;d5^Mfe^;e)-f>S^Sr§^bK 

(6) ^m7kmm'¥-2m<of^^\zx^. ^Am^t^m^^^ 

(7) mm^-h7i^mi^^<Dmm'tho 

[0021] ±m^<yi^^j^^^mmi A^Tkm 
mt i.fzmMmm(Dmnt i.xm^%^tih7kmtmtco 
mW}t^^'thm:ht(omm:i-^\^^x. wrtwiai^-r 

[0022] ^-f . 7i^mit^mm(DmM:^:^m,^ 1 9^'] 

;0^bttJfS^>'^v^^7A^^jmi 4tcgAU. ai^oil^ 

^(Dv^mxTi^mmmmcommmi 2{z^wc'rho 
ggfit^gi 2(ommimx-^m^^nmmL^xyt2 h> 

* (i. «fi?SMl 1 4rittfi:i-S>^n h>^H* (D^tl2 4 

<75®&§g#*:^^«fESS2 2ffl;0-e>#7L14<7)K^mi^l 5(D 
ff'^^t5:LT< ^02 c^StL2 5;:^^u^tc. ^Spm^lHl 
K^ill^TSftAi-^o a^e- cDjjfttt2 6 c i:^StLT 
S/SL. H2 O^^^-tho S^H2 Oflg&^mffil5 
(^ + ^02 (Dm.tl2 5 ^(ti^f^tfCi£SUTiE«iffllB^^ 

^^:^;^aEi^2 OdaaibSM^n-So 

[0 0 2 3] -Tfj^t^h. mm^X(DRft^t:^ tights 
TIE r>fb2j {ZTjk-tXoizfj:^^ 
To 0 2 4] 
■'."[{b2] 



(4) 
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H2 ->4H* +4 e- 

4H* +4 e- +O2 ^2 Hz 
[0 0 2 5] ±URJt> (4) T-^-r6«^e- 11. M 
iF-e- Offin2 6a, 2 6 b. 2 6 c ttHoXRM^M 
(C^ibLSiS (5) (;i^^-r^o ^<Ot^. m^e- <0 

[0 0 2 61 _hf5I^P>g^:lib^v^m. ^WS^\z.W^^fz.im 

1 4 II. mi (w^-f- J: 9 1 1 (Dmmz. 
WLmz.im^mmm(n>mkm \ 2o-^la®{csftTv^s 

[00 2 7] 02 \z.n^'tmmw^<r>mmt^. m i j^^-t- 
ik^mm 1 4 7K^5^8ti^ffit7)fitj« i 3 ^ 

[0 0 2 8] ite^^^i^-^i^^^JSMl 4Sr7k* 

H2 ^4H* +4 e- 

4H* +4 e- +O2 ->2H2 
[0 0 3 2] ±IER/S; (6) T'it^-raS^e- Ji. S 
^e- 60SetL2 6a, 2 6 b. 2 6 c i: /.CoT^^^fM 
tc^ftLRiJ; (7) d^^-t-So rco<Jrt. S^e- 30 

«Ltt3i>5«^:a^t}gfct2 7^iiia-r5is. m^^^b Lrm;t^ 

[0 0 3 3] ±|S. ^^^v^'^A^^Jgflil 4{i. 7K^4: 

1 4 tm<»SIKl 1 <h^ii:^g^^i-5r<>rT% T^nhv 
(D?5^tL^/<^i^'^Am4feJil]Kl 4 75^^m«»l9ei 1 

[0 0 3 4] 



(4) 



O • • • (5) 

[0 0 2 9] 5feT. 7k^fl:©1^ffl!lO^.JN':i^;^«ff£Kl 9{ffl 
75^bmif2>^<7v^':7A^^JgJ^l 4J;iaAL. 
«7k*Sia«eil- J: 0 . h >-H* 2 4a <^tliT*SSt 
yN-^v^'^A^^JlMl 4(7)flfli^t;i^g)L/cO*,, h 

AL. ^bt::. h:/H* li. i 

^•rsrT^n h:xH* oiffin2 4 b irn^oT. zKlgK^k^ 

«ttb2 5/jre>m;i. ^sajmrnsK^iMisrsSAi-So ® 

^^e- toafLn2 6 c ,h^ffiLT^lCU. H2 O^^figi- 
^^H2 Otig^^m^ll 5C0^^O2 Offiti2 5t 

HiSfrf^tlcte»LTiE<HRiM^^^:<f;^St^2 otciijig 
[0 0 3 0] i-^'cj:^^. ll11§|5T^(^SlS*^t«)5^. 

TIE r{b3j {;i:^i^-rJ:9{;i?:^5o 

[0 0 3 1] 
[{^3] 

14 OS® (Tk^l^ffiiJ) lC:JoV^T. 

• • • (6) 

O • • •* (7) 

(I V#ti) ;05O. 7 5VX0. 2A/cm2 -r^j^t:> 

^?m;^^6ST'0. 1 5w/cmM;iTm?fe^ibf^$-^-5 

?&0«BES&^^6 4%<ir LT. 1 "9 c^TK^i^^^Mftfl 
*^0. 0 2 5^/U/h • wr*fcS;&^P>. m;^4feS0. 1 
5W/cm2 (Oh^-<oiiim'7=7 (0. 0 

2 5) ( 0 . 15) ^/U-/ cm2 •h=l. 37c 
/cm2 •mm<i:7i5o ■of'lC. m^<OiS^%y "7 V ^ 

^%^fz.}h<o^<'7''y^J^^^mm(0^^^m^\^Xh^ 
</>H2 fi. TIE rifcij t;i^-r^r'-^x.e>ti.6o 

[0 0 3 5] 

[Sci] 



50 



(5) 9 9 1 0 5 

8 



0H2-K-exp [ -Ba/RT] • (VTT-VTr) • • • (1) 



K : TK^M^Sii Ccm' /cm^ -mm) 

E a : imizitt 6mmtJ^t^Jl¥- (= 2550cal/mol> 
R : m^tt^^m (= 1 . 9 8 7 c a 1 /m o 1 • k) 

T : mni^m (k) 



[0 0 3 6] r m'f^^^ 1 2 ox: (=393 

K) ^L. TmmTiam^B^-xm^Pi^o a. tmt-t 

\cm'm't^Ztt^X^. it^W^^{;iK= 2 O 0 — 3 0 

0(Dm^m^'t^:Lt^-x^i>o ±IB^^ (1) ^^h. 

■^^'yyy^:^4>y^2 =1. STcm^/cm^ -mm 
^^SJtgfL{|ij7K^5>JEPH i£r*4?>5i:. Pe2=0. 0 1 
43'-'0. 0 3 2 2 a t m<h/c^'5o 
I 0 0 3 7 1 V^^X. ■^m'^^mPci^^<D±JEE^ 2 a t 

[00 3 81 ^I^fCflTiS^IflTKm^i'SmfiiiT' 

(1) mM<Dm^^w 



[0 0 3 9] mmm i ) ^m\^. m \ \.fcmmm. 
[0 0 4 0] mnmM\z-mm-^^ti-^m'^^if:^iiroxxf 

[004 11 



: 5 c m X 5 c m 

iMW^) : 1 2 5 /im 

:^ V^^^ftA e) :1. Imeg/g — resin 

fmm mm : p t^nti-^^:y^^m {i^mmm. mmmm) 

: 0. 1 2mm 

(Pt^Si^fi) : 1. 5mg/cm2 

TK^^SIikJll^ (W!^) : P a • Ag^ifelK 

(Ag^W*) : 2 5 w t% 
(IKJ?^) 10 Aim 

(JP^) :*tJO. 4mm 
:;^;::^^r/^°l^— ^ WIT) :SUS3 16L 

iMf^^) :rt:0. 4mmX^$0. SmmXf^^^lmm 

(2) m'^^n- 

: 1 0 0 1: 
: ffirjE 

" (*a^) : H2 : 3 9^yl-%, Hz O : 3 0^/W%, 

N2 : 3 8,. 5^/1-%. CO: 1. 5^/W% 
(Jfefi) : 1 2 0 O N c c /m i n 



9 



(6) 
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10 



mm) 



: imm^^ (O2 : 1 9%. Nz 

H2 O : 10%) 
: 1 5 0 0 N c c /m i n 



7 1 %. 



(3) mmi^m 

mJE : 0. 



7 V 

0 . 0 8 A/ c m2 

[004 2] (111609 2 ) 9:\c. m 2 tci^ i.itmnmm 

[0 0 4 3] mnmmzmm^'^ti7^m^^:^^i6^xj^ 
(1) 



[0044] 



5 c m X 5 c m 
1 2 5 m 

:t>'^^^MA e) :1. Imeg/g— resin 



(p t&nm) 
ykmi^m^mm mm) 

mmmm mm 



: ^0 . 4 mm 



1 2 mm 

1 . 5 m g / c m^ 
P a • A g -g^^K 

2 5 w t % 

i^^J 1 0 M m 



(2) 

: 1 0 1 *C 



t) :SUS316L 
rl70. 4mmX?^$0. 



5 mm X fc" ix ^ 1 mm 



mm) 



ms) 



Hz : 2 0'=E-/U%, H2 
N2 : 4 8 . 5 

1 2 4 ONc c/m i n 
*DM^^ (O2 : 1 9%, N2 
Hz 0:10 %) 

1 5 5 0 N c c /m i n 



O : 3 0^/U%, 
CO : 1 . 5^/W% 



7 1 %, 



(3) mm,i±m 
mj£ : 0. 



7 1V 

0. 0 5A/cm2 
[0 0 4 5] 40 

RiC^ $ b \cm^ir SCO ^<ttiKT*ig*^«j {cmm ( c o 

->co2 ) ^^^y^:t^'y&h^\^^\^m^mm'^^Amm 
m&^j:ticx^x7i^m^mmi^^'S^^m^^fj:<tj:^. 

2) ^3N-m?tfe<^«^f^. ee5fcfet;iit«SLT4ttcM*ltcnc 50 



Sr <h:ti:/^V\ 

4) ±151) -3) (0?am}wJ:l9«^t^ 

.[ii2] m\o:>^^<\y-'^(ow^^um^^7r^^mmx^ 



(7) 
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11 



12 



1 1 mMsm 

1 2 TK^^glffiO^i^ 

1 3 T^mmitmcDmmm 

14 ^^^v^^i^^^JlM 

1 5 ^mm:^:^±^<\y-^ 

1 6 mmmj^ 

1 7 iE^siffi!l:3i/><^±:^<i— ^ 



1 8 7i^m^^mn:i^:^ 

1 9 

2 0.2 3 ;^ h A 

2 1 mrn^^:^:^ 

2 2 ge^^^:^;^»fSK 

2 4a Zfu h VH* 

2 4b :/o hi^H* (D^tl 

2 5 Oz <^d£tt 

2 6 a 2 6 c e " O^SKtt 

2 7 m^A^fifet 



[111] 



[112] 



27 



17 




21 



J4 



27 




le 



21 



14 



[113] 



Si 
3il 



3iF 



CO 
31 



1 * 











H2 




fa 






— >■ 










a 




1* 
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[@4] 



09A 



mm 




/ 



01 



/07 
—07a 

M>5B I 



038 



[*iaBj ¥^4^6^ 3 B 
1 1 

miEn^mm^] mmm 

l^JEM^mn^] 0 0 14 
[0 0 14] 

m^Mmi^xfj:<o. mm7km^mm^^i.x^mm^cm 

imjEM^^B^I 0020 



[0 0 2 0] :itLe.O/N-7i^'>ASikJR8i»-*3ttS*?fS 

(^iiiitCOl^Tfi, G r a h a m0^a£A^^< (DW^ 

(1) i!Lm:^^m(^m(DmmiC7i^m-^^*mm-t^. 

(3) ^mm^iimmi^y^ h^tm^i^Li^fUL. «^ 

(4) :fo h:^<DHkmx'm(7ifiiiMtf^mfi^hRMm m 

(5) K*t-ft>IT-7°a hV^jS^JRt&iPA-bS^^SlSU® 

(6) ea«f*^il^2fi(D;^^(cJ;»9. "^«*m5^^^Sr 

(7) Kffi;6^ib7K^5}-^^^JK^i-5„ 

I^i^ffiiE4] 

[ffiiE>rt^3Sii&l 0 034 

[«If^^] 
Ap 0 3 4] 



(9) 
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a. U Vm^i.) iiO. 75VX0. 2 A/c m2 -T/ii^ 

?&«>effi»^Sr 6 4 %i: LT. 1 •) ©*Sl!£:.ilSl4 
i^O. 0 2 5^/i'/h • wr-fc-Sd^Pj, m;*^^o. 1 
5W/cm2 <Z>i:t<07K^79y^'^«H2 14 (O. O 
2 5) (0. 15) ^/W/cm^ •h=l. 37cm3 
/cm* • m i nttti). 0#*IC. afnEro*Sf7 7 
^ Sr# -5 fc 7 A mr&MMcO^*^ SrSI?* L r 
5. ^^^<7i^^>A^^SM4riiLr<Oj!K^7 7 2'^;^ 

^H2=K • exp [ -Ea/BT] - CVTr-iTPr) 



<j> H 2 14. TIE m 1 J iw^i-*-c-^^ p>n5. 
i^mmiE 5 1 

imJEMMtmB^] 0035 

[0 0 3 5] 
I»l] 



(1) 



K : Tfc^ifi^^l (cm* /cm' • m J_n ) 

E a : ffi»(wi#-rS«14rkJ^*^l/4*- (=2550cal/mol) 
R : (= 1 . 9 8 7 c a 1 /m o 1 • K) 

T : mfUm (K) 



miEi^^ysn^] 0 0 3 6 

[0 0 3 6] r rT\ ^ma^Sr 1 2 CC (=393 
K) tU. Tffi«7K^5)-ffi(4{g(CPL 4J 0 a tmt-r 

ffiS«rSffli-5. ^oKJ?t7K*Sia«^tl4Stt;«sii--5 

iZ.^m-t^Ztt)^-X^t. Jti5E6<jSaiCK=2 0 0-3 0 
0«MSrlimt--5w ilB^iC (1) *»C>, 

y ;^ 4) H2 = 1 . 37cm3/cm2 • mX 
n.^£r#5±5K<|iJ*^:»-ffiPH ^3}tfc^,t. Ph =0. 0 
14 3~0. 0 3 2 2 a 

(1) «f&©«ifi^# 

mmwm m«) 



miEp^^mS^] 0 0 4 0 

(004 0) iSi^^?fe(rffiilg-a:fc7K^-^W:y:=^feJ:ty 

IM]E*f^3SSi&] 0 04 1 
[0 04 1] 



5 c m X 5 c m 
1 2 5 // m 

('C ^^^i^^SA e) :1. Imeg/g — resin 

(]^J»$) : O. 1 2mm 

1. 5mg/'cm* 
Pd.-Ag-g- 
2 5 w t ?^ 
^ 1 0 /i rn 



(P tfij^fi) 

(Ag^*^) 

(BWS) 



(10) 
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(m^) :f^0. 4mm 
if:^±y<U—^ iUK) : S U S 3 1 6 L 

ifflO. 4mmX^^0. SmmXt'^/^lmm 

(2) 

: 1 0 ot: 

tK^^^:^^ (IR^) : H2 : 3 0^/U%, Ha O : 3 0-=t/U%. 

N2 : 3 8. 5^/U%. CO: 1. 5^yU% 
(^S) : 1 2 0 0 N c c /m i n 

e^^^^:^;^ iMm^^n (02 : 1 9%, N2 : 7 1%, 

H2 O : 1 0%) 
(SKft) : 1 5 0 0 N c c /m i n 

(3) mm\±m 

WJ^ : 0. 7 V 
^SS^ftrO. 0 8A/cm2 
[SttJB] ¥^4^6^ 3 0 

miEn^mB^] 0042 

[0 0 4 2] (^iEt?ij2) m^. m2\c^]^tzmmmm 

i^mMiEi 0] 

miEMm^^^] 0 04 3 

(1) m?feco«^^«= 

-fe:/UCC)^?a^ffl;®a : 5 c m X 5 c m 
(SU?^) : 1 2 5 //m 

('Y;^:^35^SSAe) :1. Imeg/g — resin 

(SI»$) : 0. 1 2mm 

( P t t^^S) : 1 . 5 m g / c m 2 

tk^^k^mm mm) : PA- Ag^^flg 

(A g ^^m) : 2 5 w t % 

mmmm mm) :^iimtf-7t^>miy-h 

(m^) .mo. 4mm 

mm) : SUS 3 1 6 L 
(^S?F^tfe) :rti0. 4mmX?lil$0. 5 mm X t":)/ ^ 1 mm 

(2) ^It^W^ 

: 1 0 1 r 

ii;^ : m 

tK^^W;^:^ : H2 : 2 0*/V%. H2 O : 3 0^/l^%, 

N2 : 4 8. 5'=tyU'%. CO : 1. 5^/l^% 
(SftS) : 1 2 4 0 N c c /m i n 



[0 04 3] ^i|s|>m?fe(cgS3i ^ jjrfcTK^^^:^:^ ^XXJ^ 

imjEM^^B^] 0 04 4 
[0 0 4 4] 



(11) 
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mm^^:^^ (m^) -.mm^M. (02 : 1 9%. N2 : 7 1%. 

H2 O : 1 0%) 
(dft4) : 1 5 5 0 N c c /m i n 



7 1V 

0. 05A/cm2 



(3) ^m\im 

m& : 0. 

[^^MiEl 2] 

1112) :$:^^<7:)gU<7)-|l3^giJtC#.5^iN'm^<D#lfi£[ll 

1 1 mmwm 



1 2 7K^fi?g|ffl<?^Ml^^ 

1 3 7kmm<tm(ommm 

14 ^^'^v^'^i^.^^MM 

1 5 ^mm:^^-^y<i^—'$' 
1 6 

1 7 iE^fiiJ:;5f;^iry<U— ^ 
1 8 tK*^*^)^:^^ 

1 9 ^J^;^^SfLK 

2 0.2 3 h y — ^ 
2 1 

2 2 ®&^^^:^^«jfLK 
2 4a rT'n h VH + 

2 4b h>H+ cogen 

2 5 O 2 (OjJfLtL 

2 6 a 2 6 c e " (D^tl 

2 7 ®^:&^jggL 



